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Abstract

“In a complex-structured city in which the interactions among parts intensify; in which the number 

of decision-makers and cultural scenarios overlap, interconnect and sometimes collide; in which 

the temporal dimensions of the citizens are dissimilar; in which local and global, physical and 

virtual dimensions co-exist, it is necessary to identify a set of design tools which could respond 

to design complexity. That is why in the last fifteen years architects have adopted advanced 

digital tools such as algorithms, dynamic relationships, parametric systems, mapping, morpho-

genesis, cellular automata and bifurcation with broken symmetry. 

In the first phase architects’ interest focused on the direct transposition into the architecture of 

digital tools deriving from other scientific fields. The use of such tools led architects to discover 

forms that were inconceivable with traditional procedures. Nevertheless, in the mid-1990s the 

lack of control of tools that were not specific to architecture engendered a drastic reduction in 

the initial enthusiasm for such an approach”2.

The research Applied Responsive Devices (ARD), developed by the Nonlinear Solutions Unit at 

Columbia University Architecture School, focuses not on the tools but on the methodologies 

developed in other scientific fields. ARD examines how it is possible to set up a model that 

operates a correct interaction between the analogical and digital environment. It analyses the 

possible applications of a model (to demonstrate, to analyse and to discover) and the properties 

that it should embed (resemblance, repeatability and robustness) to be efficient. 

The methods contained in this proposal investigate the existing relationships between the per-

ception of a specific architectural condition and its translation into a set of elements that can be 

manipulated through computer models. It probes how a given problem can be translated into a 

codified symbolic language.

In fact, some architectural problems can be managed with a code, consisting of a set of rules, 

each of which performs particular actions every time its conditions are satisfied by a specific 

informational attribute. ARD’s interest is to embed sets of constraints within the modelling proc-

ess that affect the decision-making of the designer. This project aims to develop an innovative 

tool that assists a decision-maker to take into account a number of different parameters. The 

goal is to enhance architecture’s capacity to respond to specific environmental requirements 

with an adaptable physicality. From an epistemological perspective ARD’s research operates as 

a heuristic device aiming to challenge the boundary existing between the Measurable and Non-

measurable dimensions in architecture. 
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1. The change of paradigm: from analogical model to digital code 

In science, codes are the translation into digital symbolic language of a conceptual apparatus 

or of an analogous model. It is legitimate to raise the question of which conceptual apparatus 

in architecture precedes the code.  

To answer this question an NSU researcher analysed the applications and properties of the scien-

tific model. This operation was driven by the wish identify models’ architectural correspondents. 

The advanced research lab Nonlinear Solution Unit at the graduate school of NSU aims to un-

derstand not the techniques but the methodologies deriving from other scientific fields. The 

motivating factor at NSU is the will to consolidate the research field of complex systems in ar-

chitecture. The goal of NSU is to promote and support research and educational projects re-

lated to complex dynamics in architecture by taking advantage of the creative and scientific 

potential of the projects developed within the GSAPP.

In the search for the definition of the abstract apparatus that precedes the architectural code it 

is possible to assume the architectural diagram as the code predecessor, as the analogous 

apparatus preceding the digital tool. To justify this assumption it is necessary to analyse some 

of the properties characterising the use of the model (as the predecessor of the code in the 

scientific field) and of the diagram. 

If we compare the American architect Peter Eisenman’s idea of the diagram and the model 

concept of the scientist John Holland3, the similitude between the two tools appears clearly. For 

Eisenman, as for Holland, diagrams and models have three types of applications: to analyse, to 

demonstrate and to discover. According to Eisenman and Holland, to evaluate qualitatively and 

quantitatively a diagram and a model, it is necessary to estimate three properties: Resemblance, 

Reproducibility and Robustness. 

Diagrams and models are often used as a conceptual apparatus supporting architectural and 

scientific reasoning. When used as analytical tools diagrams and scientific models are particu-

larly useful in the early stages of research. They can also be useful to look for an adequate 

model to support a work. As the scientist Cosma Shalizi4 affirms, in their initial stages, some 

researches involve a component of chance and creativity. 

One begins research by applying different interpretative models on a data set, and secondly, by 

modulating the parameters of the adopted model. This procedure permits us to find some 

emergences or patterns in a set of data. The identification of those configurations permits us to 

find a form of order in a system that originally appeared as chaotic.   

 

In addition, the use of the model as an analytical tool is also very important in more advanced 

stages of research. As regards architecture, according to Peter Eisenman, the diagram is his-

torically understood in two ways: as explanatory and analytical and as a generative device.5  

The ability to process a huge amount of data with a computer allows researchers to analyse 

quickly the implication of different theoretical scenarios in a given situation. In other word it is 

possible to see which interpretative model fits better in a given case study.
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In a second phase this capacity to analyse a vast amount of data quickly permits us to modulate 

the weight of the different parameters acting on a particular model. 

‘Demonstrate’ is the second function that scientific models and architectural diagrams have in 

common. In effect a scientific model can be used to validate or to falsify a hypothesis.6 

Nevertheless it is important to note that in architecture the use of a model as a demonstrative 

tool should be very limited.  In effect the probative capacity of a model depends on its repeat-

ability. The repeatability is the capacity to reproduce the same experiment in very similar condi-

tions to allow comparison between the various results. In architecture the heterogeneity of the 

different case studies -deriving from the huge variations in the different situations- makes it almost 

impossible to apply an identical model to a similar case study. 

‘Discover’ is the third function characterising scientific models and architectural diagrams. This 

is perhaps the most interesting from an architectural perspective. Given that a model is the 

representation of a reality through a system of rules, such rules have the capacity to produce 

results autonomously.  They are therefore endowed with certain independence from their users. 

They can reveal aspects that their designer never intended. For this reason, according to John 

Holland, ‘A model, like a hypothesis, suggests where to look’.7  

In the same way for Peter Eisenman the diagram is a tool allowing the designer to enter situations 

where it has never been before.8  

With regard to the criteria permitting evaluation on a qualitative and qualitative level of the po-

tentialities of a scientific model, it is possible to identify three properties: resemblance, reproduc-

ibility and robustness. 

Tiazzoldi

Figure 1

Different visualisations of the modulation of the parameter time on a model used to analyse 

some data. The modulation of one parameter on the same model allows visualisation of 

forms of order or patterns in a set that was initially chaotic. 
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A close reading will show that the same properties can be used to evaluate the qualities of an 

architectural diagram. 

As regards resemblance it is necessary to distinguish between two different interpretations of a 

model resemblance: the first, closer to the idea of formal similarity, focuses on the reproduction 

of a given reality on a different scale. In this first case the level of resemblance depends exclu-

sively on a visual factor. 

The second interpretation of the idea of resemblance refers to the development of a system that 

is capable of representing the abstract relations and the intrinsic qualities qualifying an object. 

The first static interpretation is opposed by a dynamic notion of the idea of resemblance. This 

second understanding aims to describe the overall behaviour of a system in perpetual transfor-

mation or, as is the case in complexity sciences, in a condition far from the equilibrium. 

In its second interpretation, the idea of a scientific model shows a strong similarity with the 

concept diagram explored by Gilles Deleuze.9 According to the French philosopher, a diagram 

is a representation or a map of the relationships and of the intense forces operating in a system. 

In architecture, it is possible to find a similar interpretation in Peter Eisenman’s formulations. For 

the American architect, the diagram is a tool to mediate between a palpable object and the laws 

that govern its intrinsic behaviour.10   

On the subject of the resemblance, models and diagrams share another similarity. According to 

the idea of the two mathematicians Livi and Rondoni, and the scientist John Holland, the level 

of resemblance of a model depends on its ability to make a system understandable by offering 

a simplified reading and representation of a given situation. 

Regarding the relation existing between the idea of resemblance in the scientific models and 

diagrams Peter Eisenman affirms that the diagram ‘is a representation of something in that it is 

not the thing itself’.11  

John Holland says that to select a correct model it is necessary to make some choices:  to 

determine how to represent a problem, what kind of information the instruments we are using 

are capable of providing. Such a practice is necessary to get consistency between the formula-

tion of a problem and the definition of the model adopted to resolve it.12  

The transition from the classical science paradigm to that of the science of complexity empha-

sises the importance of an external subject in scientific and architectural research. According to 

Boltzam13 and Pointcare14, model-making is a subjective act.  For John Holland, it is a creative 

reductionism. 

The second property establishing similarity between scientific and architectural models (or dia-

grams) is reproducibility. In science, the importance of a model depends on its capacity to be 

reproduced in different situations. A feature of the reproducibility is the repeatability, namely the 

possibility to apply the same tool in similar conditions. This property transforms models in instru-

ments of accumulation of intelligence and knowledge. 

Indeed, the model becomes a heuristic device, or an interface supporting the designer’s think-

ing. 
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Figure 2

Combinatorial logic operates on the elementary 

units of a system by recombining them in a differ-

ent aggregation. In the first case the recombina-

tion of the five elementary unit  or building blocks 

of the face of a person permits to achieve a very 

high number of variations. Image by courtesy of 

John Holland, from the lecture  

Figure 3

Combinatorial logic operates on the elementary 

units of a system by recombining them in a differ-

ent aggregation. In this second case the recombi-

nation of the elementary units or building blocks 

of a building permits a very high number of varia-

tions. Image by courtesy of John Holland, 

According to the French architect Bernard Cache, models are qualified by their capacity to 

define some invariants15 or axioms that remain constant. The reproducibility of a model is the 

core of architectural problematisation of the model. To what extent is it possible to think about 

an instrument that is repeatable? How far is it possible to define an inner structure of a model 

remaining constant independently of the variations of the different case studies?

The interest of scientists and architects in the idea of codes, genetic algorithms, responsive 

devices and complex adaptive systems reflects the desire to obtain an instrument that is both 

stable in its internal organisation and capable of responding to changes in the exterior context 

by producing  specific solutions for every problem.16 To explore the idea of the coexistence of 

innovation and repetition, it is possible to refer the ideas of Bateson17 (in biology), of Holland (in 

cognitive science) and of Deleuze (in philosophy) to the concept of combinatorial innovation. The 

idea of combinatorial innovation relies on achieving innovation by recombining the internal ele-

ments of a system. This combinatorial process is determined by a set of rules (more or less 

deterministic) established by the designer.  
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When we engage with the topic of the change of paradigm in architectural research, the idea of 

robustness  reveals another strong similarity between scientific and architectural models.  Ro-

bustness is the capacity of a system to resist noises and distortions. It is through the evaluation 

of the robustness18 of a system that a clear differentiation appears between models or diagrams 

and their translation into a symbolic language or a code. It is through the robustness that the 

change of paradigm has the strongest consequences.  In effect the code is an expression in a 

symbolic language that operates through a set of rules. The code limits itself to accomplish 

exclusively the operations that have been explicitly stated. 

The possible ambiguities in the message cannot be erased by use of the culture or the collective 

memory of its users. The code is not able to reveal any type of hidden information.  Any missing 

or incomplete information, which normally could be integrated by human intervention, cannot 

be supplied by the simple application of the set of rules embedded in the code. 

According to computer scientist William Wang, in the case of artificial language, it is almost 

impossible to process with software messages that any human being would understand im-

mediately.

It is in its relation with robustness that a digital tool like the code differs from analogous appara-

tus such as a model or a diagram. The code is more rigid. The translation in a codified version 

of a specific language strongly affects its robustness or adaptive capacity to respond to noises 

and distortions.  

Nevertheless, it is from its non-robustness or non-adaptive capacity that a very interesting pe-

culiarity of scientific and architectural codes emerges. In effect, the codes can be used as crea-

tive and exploratory tool.  Because they are executing the set of rules listed by its author, they 

are somehow self-sufficient: they are able to produce some results independently of the author 

or users. The application code is similar to the surrealists’ use of Automatisms.19 The code 

becomes a tool that is able to overcome the theoretical and formal level of its user barriers and 

self-censorship. Peter Eisenman says that automatisms by being self-sufficient can produce 

something far from any prefigured idea of the designer.20  

The research Applied Responsive Devices aims to develop an innovative decision-maker tool 

enhancing architectural capacity to answer specific environmental and design requirements with 

its adaptable physicality. An Applied Responsive Device is a tool mediating between the poten-

tialities of the analogous architectural model and the digital code.

ARD focuses on the qualitative and quantitative understanding of algorithmic, performative 

devices applied to the constructive reality of the built environment. 

The NSU ARD research has the challenge of obtaining a repeatable and robust tool which can 

combine and mediate between mathematical performance data, the use of exploration and 

simulation software and empirical architectural applications. 

As demonstrated in the projects Responsive Devices 1, 2 and 3 developed by the NSU, archi-

tectural problems can be managed with a classifier system, consisting of a set of rules, each of 

which performs particular actions every time its conditions are satisfied by some piece of infor-

mation.
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The methodological challenge is to develop a pilot model supporting the designer in the media-

tion between complex physical, social, economic and structural constraints and a formal response. 

The research questions the concepts of resemblance, repeatability, robustness and efficiency 

of the solution developed.  

ARD is an adaptable device to unfold a set of formal solutions answering specific performance 

requirements. In every case study of the ARD research,  the researchers enunciate the reasons 

why they are using a specific device to analyse (as in the case of ARD1 Copertura), to demonstrate 

or to explore (as in the case of ARD3 Formal Modulation for Light Performance in a Women’s 

Hospital). ARD’s first task is to obtain a deeper understanding of the way in which architectural 

information is processed, represented and organised, and then transformed into an abstract 

model. The method contained in this proposal investigates the existing relationships between the 

perception of a specific reality and its translation into a set of elements that can be manipulated 

through computerised models by engaging with the idea of resemblance and robustness.

Tiazzoldi

Figure 4

Robustness

is the capacity of a system to respond to noises or alterations. The translation from analogical to digital model im-

plies an increase of the fragility of the model. This image demonstrates how the human is capable of adapting to 

distortions of a message. This same condition is very difficult to obtain with a computer model. Image by courtesy 

of Y. Wang, presented at the Conference on Language as a Complex Adaptive  Systems Santa Fe Institute, Beijing, 

in July 2005. 
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The ARD research is supported by the study and collection of examples illustrating the logical 

connectionism that operates in the articulation of architectural projects through the definition of 

a set of associative and dynamic relationships.21  

ARD research operates on two planes. On the theoretical level it is based on the selection of   

basic examples in which the architectural project can be expressed as a theoretical construct. 

Representing physical, structural or social processes, with a set of variables and a set of logical 

and quantitative relationships, ARD uses Holland’s ideas of adaptation (Holland, 1992,1995,1997) 

for the typological evolution of the built environment in terms of adaptation to the external (site) 

conditions. 

In order to achieve the logical model ARD, NSU researcher subdivides the process, into a system 

of elementary units: attributes and building blocks. Physical and conceptual problems are frag-

mented into attributes and building blocks. From a methodological point of view, in order to 

‘reduce’ a specific reality into a set of elementary units, ARD refers to the experiences developed 

in other scientific fields.  

This task requires the analysis of the conditions in which architectural needs and performances 

can be represented through sets of measurable units: attributes and building blocks. The presence 

or absence of a specific attribute would produce as output the appropriate behaviour (transforma-

tion of the physicality of the space, transformation of the process that affects the physicality.)

Expression of architectural principles is through a set of dynamical relations: articulation of the 

project in a set of relations and translation of the project input in an abstract symbolic language.

The expression of architectural concepts through a set of dynamical relations can be synthesised 

in the following tasks:  translation of architectural formal, functional and technological principles 

into a set of constraints; expression of the constraints identified in the previous phase in set 

dynamical relations, potentially through the employment of Agent-Based Models, Adaptive 

Models and Weighted Features (Livi, 2004). 

ARD research is also based on the development of specific case studies in collaboration with 

other academic institutions and national architecture firms with the goal of consolidating  and to 

refining  the tools and methodologies detected in the theoretical research. Such an operation 

allows testing and verifying the resemblance and robustness of the ARD architectural model.  

The case studies have the goal of trimming and calibrating the ARD tool. They are also useful 

for analysing which tool is able to supply concrete answers and which of them can be operated 

with a satisfactory level of reliability.

The goal is to provide a set of key factors that lead to the formulation of indicators that enable 

the monitoring of relationships operating in the definition of the formal design, functional and 

engineering problems. 

From an epistemological point of view ARD challenges the boundary between the measurable 

and the non-measurable architectural dimensions.
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8	 ‘[…] It is a way of triggering the diagram as a trigger for their design process. The design process involves human 
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10	 ‘But unlike traditional forms of representation, the diagram as a generator is a Mediation between a palpable 

object, a real building, and what can be called Architecture’s interiority’ (Peter Eisenman, Diagram Diaries, Universe 

Publishing, 1999, P.35).

11	 Peter Eisenman: Automatism in architecture; interviewed by Caterina Tiazzoldi in July 2004. 

12	 ‘So much for the praises of a moderate reductionism, alive to the importance of interactions. How do we actu-

ally set about reducing phenomena and explaining emergence? By constructing a model. What is a model? We 

can use one thing (say, a globe) as a model of another (say, the surface of the Earth) if we can find a way of trans-

lating, or, as the mathematicians say, mapping, from one to the other which doesn’t mess up the relations we’re 

interested in. Then anything we learn about the model can be translated into a discovery about the modeled. 

	 (Holland includes things like the Game of Life among models, even though they do not fit this definition. Perhaps, 

like his board-games, they are to be regarded as models of imaginary worlds.) Models are only good if they’re 

easier to handle and learn about than what they model, and if they really do accurately map the relations we’re 

interested in. How does one find such a model?’ Here Holland leaves us hanging, from the end of chapter two, 

on models, to the last chapters of the book. Despite having co-authored a whole (good) book on induction, his 

answer to the ‘How?’ question is ‘Nobody knows.’ He offers some sage advice --- become intimately familiar with 

the problem (no ‘I could look that up’), learn the related problems and the tricks and the oral tradition which go 
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with them, be on the lookout for analogies and exploit them.
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14	 Jules Henri Poincaré (April 29, 1854 – July 17, 1912) French mathematician and theoretical physicist, and a phi-
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ematics, mathematical physics, and celestial mechanics. He was responsible for formulating the Poincaré con-

jecture, one of the most famous problems in mathematics. In his research on the three-body problem, Poincaré 

became the first person to discover a chaotic deterministic system which laid the foundations of modern chaos 

theory. He is considered to be one of the founders of the field of topology.

	 Poincaré introduced the modern principle of relativity and was the first to present the Lorentz transformations in 

their modern symmetrical form. Poincaré discovered the remaining relativistic velocity transformations and re-

corded them in a letter to Lorentz in 1905. Thus he obtained perfect invariance of all of Maxwell’s equations, the 

final step in the formulation of the theory of special relativity.

16	 Combinatorial logic operating in the interior components of a system such as modules (building block) and at-

tributes, in science as in architecture, provides innovative solutions. Image by courtesy of John Holland, from the 

lecture ‘Genetic Algorithms and the Study of Complexity’, Santa Fe Institute, Beijing, July 2005. 

17	 William Bateson (August 8, 1861 – February 8, 1926) was a British geneticist. He was the first person to use the 

term genetics to describe the study of heredity and biological inheritance, and the chief populariser of the ideas 

of Gregor Mendel following their rediscovery in 1900 by Hugo de Vries and Carl Correns.

18	 Girvan M., Newman M.E.J., ‘Community structure in social and biological networks’, Proceedings of the Na-

tional Academy of Sciences of the United States of America, 2002.

19	 Automatism is a surrealist technique involving spontaneous writing, drawing or the like practised without conscious 

aesthetic or moral self-censorship. Automatism has taken on many forms: the automatic writing and drawing ini-

tially (and still to this day) practised by surrealists can be compared to similar, or perhaps parallel phenomena, 

such as the non-idiomatic improvisation of free jazz[1].

	 Surrealist automatism is different from mediumistic automatism, by which the term was inspired. Ghosts, spirits 

or the like are not suggested to be the source of surrealist automatic messages.

20	 Automatism, being self-sufficient, is able to produce something far from the prefigured idea of the designer

21	 For example, the work of architects such as John Frazer Frazer and Bernard Cache  are focused on the expression 

of architectural problems through a set of associative relations bent on creating a direct connection between a 

specific reality and its representation (associativity). 
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